1. Introduction {#sec1-antioxidants-09-00437}
===============

Industrial hemp (*Cannabis sativa*) has been long extensively cultivated throughout history as a valuable source of fibers and nutrients \[[@B1-antioxidants-09-00437]\]. Specifically, the fibers, isolated from the stalk, are used for manufacturing ropes, paper, clothing and construction materials (thermal and acoustic insulation) \[[@B2-antioxidants-09-00437]\], whereas hemp seeds demonstrated a high nutritional value, due to their richness in minerals, vitamins (i.e., A, C and E complexes), carbohydrates, proteins and lipids, these last consisting of linoleic (ω-6) and α-linolenic acid (ω-3) in the ideal ratio 3:1 \[[@B3-antioxidants-09-00437]\]. Additionally, industrial hemp varieties are also bred to produce tetrahydrocannabinol (THC) in traces (\<0.3%) \[[@B4-antioxidants-09-00437]\], and only certified varieties, with THC content \< 0.2%, are admitted to cultivation, according to National and International Regulations (EU Regulation N°. 1124/2008-12 November 2008; Italian Regulation n°172/2017). Although the hemp chain production was principally focused on fiber production and seed-deriving foods, in the last years there has been a renewed interest in the study and valorization of hemp-deriving extracts, that are sources of terpenes, terpenophenolics, amino acids, fatty acids, sugars, hydrocarbons, flavonoids, with promising health-promoting and pharmacological effects \[[@B5-antioxidants-09-00437]\]. In this regard, multiple studies focused on the antimicrobial, anti-proliferative, phytotoxic and insecticide effects of the essential oil from hemp female inflorescences \[[@B6-antioxidants-09-00437],[@B7-antioxidants-09-00437],[@B8-antioxidants-09-00437]\], sold dried for technical use and usually considered as a waste material of industrial hemp chain production \[[@B9-antioxidants-09-00437]\]. On the other side, only a few studies explored the potential pharmacological application of polar extracts from inflorescences \[[@B10-antioxidants-09-00437],[@B11-antioxidants-09-00437]\]. In our previous study, we showed antioxidant/anti-inflammatory and antimycotic properties of the certified hemp variety "Futura 75" \[[@B10-antioxidants-09-00437]\], whose essential oil from inflorescences was also reported as an antibacterial and anti-proliferative agent \[[@B8-antioxidants-09-00437]\]. In the present study, we aimed to further characterize the water extract from the inflorescences of this hemp variety, through a qualitative phytochemical analysis and a pharmacological investigation aimed to evaluate protective effects in a toxicological experimental paradigm constituted by isolated rat colon and liver exposed to lipopolysaccharide (LPS). In this regard, we explored the effects of water hemp extract on serotonin, dopamine and kynurenine pathways, in rat colon, whereas prostaglandin (PG)E~2~ levels were measured in both colon and liver. Anti-proliferative effects were also assayed against the human colon cancer HCT116 cell line. Taking into consideration the inhibitory effects induced by this extract on both *Candida albicans* and *C. tropicalis* \[[@B10-antioxidants-09-00437]\], we also explored the antimycotic effects of Futura 75 water extract on multiple dermatophytes species, namely *Trichophyton rubrum, Trichophyton interdigital, Microsporum gypseum.* In parallel, we assayed the enzyme inhibition effect of the extract against tyrosinase, whose increased activity is related to skin hyperpigmentation, following mycotic infectious diseases, as well \[[@B12-antioxidants-09-00437]\]. Finally, in silico studies, including bioinformatics, network pharmacology and docking approaches were conducted in order to predict the putative targets underlying the observed pharmacological and microbiological effects.

2. Materials and Methods {#sec2-antioxidants-09-00437}
========================

2.1. Hemp Sample, Reagents and Standard Solutions {#sec2dot1-antioxidants-09-00437}
-------------------------------------------------

The plant material consists in female flowers of *Cannabis sativa* L cultivar 'Futura 75′, 'cultivated in Abruzzo Region (Italy). Female inflorescences were manually harvested from plant at full blooming state. Plant material was dried in ventilated oven (40 °C), soon after harvesting. Plant identity was confirmed botanically and morphologically by co-author Prof. Luigi Menghini, Associate Professor of Botany at the Department of Pharmacy, "G. d'Annunzio" University, Chieti (Italy).

Samples were kindly supplied by Hemp Farm Italia scarl (Tortoreto (TE), IT) during cultivation season 2017.

2.2. Extract Preparation {#sec2dot2-antioxidants-09-00437}
------------------------

Dried cultivar samples (0.2 g) were homogenized using a T25 digital Ultra-Turrax device for 30 s at 10,000 rpm. Subsequently, ultrasound-assisted extraction of the homogenate was carried out through a Trans-sonic T460 ultrasonic for 10 min. at 60 °C and full power (35 kHz). The obtained extract (solid--liquid ratio 1:50) was immediately centrifuged at 4000 rpm and 4 °C for 5 min, and finally dried through freeze-drying.

2.3. Phytochemical Analysis {#sec2dot3-antioxidants-09-00437}
---------------------------

Phenols and flavonoids levels were determined spectrophotometrically and the results were expressed as gallic acid equivalents (mg GAE/g extract) and rutin equivalents (mg RE/g extract), respectively. Antioxidant effects were investigated by radical scavenging 2,2-diphenyl-1-picrylhydrazyl (DPPH) and 2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) and reducing power (CUPRAC and FRAP) assays. Antioxidant results were expressed as trolox equivalents (TE). The enzyme inhibition towards tyrosinase was conducted with colorimetric assay, as well, and expressed as kojic acid equivalents. The experimental procedures for all these assays were comprehensively described in our previous studies \[[@B13-antioxidants-09-00437],[@B14-antioxidants-09-00437]\].

Protonic magnetic resonance (^1^H-NMR) analysis was conducted through a Variant 300 MHz spectrometer using standard proton pulse sequence (s2pul) with pre-saturation. Sample was prepared by adding 60 µL of D~2~O as internal lock to 600 µL of the sample. Pre-saturation was carried out with relaxation delay 1 sec, pulse 45.0 degrees, acquisition time 1.706 sec, width 4803.1 Hz and 64 number of scans; partial suppression of the water solvent signals around 4.80 ppm was achieved.

2.4. Cell Culture {#sec2dot4-antioxidants-09-00437}
-----------------

The anti-proliferative effect of industrial hemp extracts was studied using the human colon cancer HCT116 (ATCC^®^ CCL-247™) cell line, whose culturing conditions were detailed in our previous study \[[@B10-antioxidants-09-00437]\]. The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) test was employed for evaluating the basal cytotoxicity induced by the extract (10--500 µg/mL), in the 24 h following stimulation. The effect of the extract (500 µg/mL) on HCT116 cell spontaneous migration was also assayed through the wound healing experimental paradigm. The specifications about MTT and wound healing paradigms are reported in our previous paper \[[@B10-antioxidants-09-00437]\].

2.5. Ex Vivo Model of LPS-Induced Toxicity in Isolated Rat and Liver Tissues {#sec2dot5-antioxidants-09-00437}
----------------------------------------------------------------------------

Male adult Sprague-Dawley rats (200--250 g) were sacrificed by CO~2~ inhalation (100% CO~2~ at a flow rate of 20% of the chamber volume per min) and liver and colon specimens were immediately collected and maintained in humidified incubator with 5% CO~2~ at 37 °C for 4 h, in DMEM buffer with added bacterial LPS (10 µg/mL) (incubation period).

During the incubation period, colon and liver specimens were stimulated with water hemp extract (50--500 μg/mL). Tissue supernatants were collected, and the PGE~2~ level (ng/mg wet tissue) was measured by radioimmunoassay (RIA), as previously reported \[[@B15-antioxidants-09-00437]\].

On the other hand, individual colon specimens were dissected and homogenized in perchloric acid solution (50 mM) for extracting serotonin (5-HT), 5-hydroxyindolacetic acid (5HIIA), dopamine (DA), dihydroxyphenylacetic acid (DOPAC), 3-hydroxykinurenine (3-HK) and kynurenic acid (KA) levels (ng/mg wet tissue). Briefly, colon 3-HK, 5-HT, 5HIIA, DA and DOPAC levels were analyzed through high performance liquid chromatography (HPLC) coupled to coulometric detection (reducing potential: −150 mV; oxidative potential: +300 mV), whereas the KA was determined through HPLC-fluorimetric analysis (excitation: 344 nm; emission: 398 nm) \[[@B16-antioxidants-09-00437],[@B17-antioxidants-09-00437]\]

2.6. Antifungal Activity of the Extract {#sec2dot6-antioxidants-09-00437}
---------------------------------------

Microdilution techniques were conducted according to the guidelines M38-Ed3 of CLSI \[[@B18-antioxidants-09-00437]\]. Tested extract was diluted with RPMI-1640 buffer, to final concentrations of 31.3--1000 µg/mL. *Trichophyton rubrum* (CCC 134--2000), *Trichophyton interdigitale* (CCC 202--2000) and *Microsporum gypseum* (CCC 115) were kindly provided by Reference Center of Mycology (CEREMIC), Faculty of Biochemical and Pharmaceutical Sciences, Rosario, Argentina. A (1.104 CFU/mL) inoculum suspension (100 µL) was added to each well (final volume in the well = 200 µL). A growth control-well (GCW) (containing medium, inoculum and the same amount of DMSO used in CTW, but compound-free) and a sterility control well (SCW) (sample, medium and sterile water instead of inoculum) were included. Samples were incubated at 28 °C for 72 h. Minimum Inhibitory Concentration (MIC) was defined as the lowest concentration giving 100% of inhibition. MIC ≤ 1000 µg/mL was considered as an index of antimycotic activity (no fungi growth observed).

2.7. Bioinformatics and Docking Studies {#sec2dot7-antioxidants-09-00437}
---------------------------------------

The bioinformatics analysis was conducted according to the protocol described by Gu and colleagues \[[@B19-antioxidants-09-00437]\]. The chemical structures were prepared with ChemSketch software and the related canonical SMILES were then processed by the SwissTargetPrediction and SwissADME platforms, for predicting putative targets and pharmacokinetic profile, respectively (<http://www.swissadme.ch/index.php>). The identification of predicted targets was confirmed through the use of UniProt database (<https://www.uniprot.org/>). Cytoscape software (3.7.2 version) was employed for the subsequent network pharmacology analysis.

2.8. Docking Calculations {#sec2dot8-antioxidants-09-00437}
-------------------------

Four compounds were picked for the docking calculations, namely, chlorogenic acid, gallic acid, carvacrol and rutin. Chlorogenic acid and gallic acid were docked against carbonic anhydrase IX enzyme, carvacrol against cyclooxygenase-1 enzyme and rutin against lanosterol 14-α-demethylase enzyme. The starting structures of the four compounds were first downloaded from ChemSpider online data base (<http://www.chemspider.com>) then optimized to the ground state structure using AM1 semiempirical method implemented in VegaZZ software \[[@B20-antioxidants-09-00437]\]. On the other hand, the crystal structures of the proteins were downloaded from Protein Data Bank (PDB). PDBID: 3IAI was used to get the crystal structure of the carbonic anhydrase IX enzyme; PDBID: 4O1Z was used to get the crystal structure of the cyclooxygenase-1 enzyme; PDBID: 5TZL was used to get the crystal structure of the lanosterol 14-α-demethylase enzyme. In order to prepare the proteins for the docking simulation, all the water molecules and the co-crystalized heteromolecules were removed first followed by adding hydrogen atoms and neutralized using Kollman united atom charges.

The dimensions of the grid box were 60 × 60 × 60 with 0.375 Å distance between points. Autodock4 and Lamarckian genetic algorithm was used to dock 250 conformations for each inhibitor (Molinspiration Database) \[[@B21-antioxidants-09-00437]\]. Discovery studio 5.0 visualizer was used to investigate the enzyme-inhibitor non-bonding interactions.

2.9. Statistical Analysis {#sec2dot9-antioxidants-09-00437}
-------------------------

In vitro scavenging/reducing and enzyme inhibitory assays were means ± S.D. of three experiments conducted in triplicate. Data were analyzed by analysis of variance (ANOVA) coupled to Tukey post hoc test. Statistical significance was set at *p* \< 0.05, and GraphPad Prism version 5.01 for Windows (GraphPad Software, San Diego, CA) was employed for the analysis. Regarding the ex vivo studies, the statistical analysis to calculate the number of animals used in each experiment (N = 4 per condition) was performed with the software G\*Power (v3.1.9.4). Study potency (1-β) and significance level (α) were 0.8 and 0.05, respectively.

3. Results and Discussion {#sec3-antioxidants-09-00437}
=========================

The water hemp extract was formerly analyzed from a phytochemical point of view. Total phenolics and flavonoids were reported in [Table 1](#antioxidants-09-00437-t001){ref-type="table"}, whereas the phenolic fingerprint profile of the extract was detailed in our previous paper \[[@B10-antioxidants-09-00437]\].

The extract displayed a higher content of rutin, that was considered putatively responsible, at least in part, of the protective effects exerted in the colon \[[@B10-antioxidants-09-00437]\]. The phenolic profile is also consistent with the scavenger, reducing, chelating and anti-tyrosinase properties ([Table 1](#antioxidants-09-00437-t001){ref-type="table"}), thus suggesting intrinsic antioxidant and enzyme inhibition effects that could account for multiple pharmacological applications. Furthermore, the extract was also analyzed through ^1^H-NMR. The suppression of water signal was directly applied, in order to explore the qualitative composition of the water extract itself \[[@B22-antioxidants-09-00437]\]. The chemical shift values, in the range 3--4 ppm ([Figure 1](#antioxidants-09-00437-f001){ref-type="fig"}A), indicate that sugar fraction represents most of the extract phytocomplex, whereas the chemical shift at 6--9 ppm ([Figure 1](#antioxidants-09-00437-f001){ref-type="fig"}B) is due to the presence of phenolic compounds \[[@B23-antioxidants-09-00437],[@B24-antioxidants-09-00437]\]. The lower intensity of phenol signals in ^1^H-NMR spectra is consistent with limited phenolic compounds' concentrations previously described \[[@B10-antioxidants-09-00437]\].

According to the aforementioned fingerprint analysis \[[@B10-antioxidants-09-00437]\] that showed the presence of rutin, chlorogenic acid, gallic acid and carvacrol, a bioinformatics analysis was conducted in order to predict the pharmacological properties of the water extract, in terms of pharmacokinetics and putative protein targets, that were explored through the SwissADME software and SwissPredictionTarget software, respectively. Complete results are reported as [Supplementary Material (Supplementary Material_Bioinformatics Folder)](#app1-antioxidants-09-00437){ref-type="app"}, whereas the data about rutin, chlorogenic acid, gallic acid and carvacrol are depicted in [Figure 2](#antioxidants-09-00437-f002){ref-type="fig"} and [Figure 3](#antioxidants-09-00437-f003){ref-type="fig"}.

These compounds were selected according to the best pharmacokinetics profile, that is the capability to cross biological membranes. Afterwards, the network pharmacology profile was built, plotting the selected compounds towards the putative targets yielded by SwissTagetPrediction software. The results of network pharmacology approach indicate the putative interaction of most selected phenolic compounds towards multiple carbonic anhydrase (CA) isoforms, and this was consistent with our recent findings \[[@B25-antioxidants-09-00437]\]. Intriguingly, the sole carvacrol showed potential capability to interact with cyclooxygenase-1 (COX-1). Considering the previously observed efficacy of water hemp extract to blunt pro-inflammatory biomarkers \[[@B10-antioxidants-09-00437]\], including prostaglandin production, ex vivo, and considering the up-regulated levels of both CA IX and COX-1 in colon cancer, thus suggesting the inhibition of these enzymes as a promising pharmacological tool to counteract colon cancer \[[@B26-antioxidants-09-00437],[@B27-antioxidants-09-00437]\], we further investigated the putative interactions between gallic acid, chlorogenic acid and carvacrol towards these targets, through a docking approach.

As shown in [Table 2](#antioxidants-09-00437-t002){ref-type="table"}, chlorogenic acid has shown higher binding energy against carbonic anhydrase IX enzyme in comparison with gallic acid. Interestingly, the binding affinity of the chlorogenic acid was higher than the calculated binding affinity of the co-crystalized molecule (5-acetamido-1,3,4-thiadiazole-2-sulfonamide) (−6.65 kcal/mol). Obviously, the higher affinity of the chlorogenic acid is attributed to the strong interaction with enzyme active site through the formation of eight hydrogen bonds with the active site residues as shown in [Figure 4](#antioxidants-09-00437-f004){ref-type="fig"}. Similarly, the calculated binding affinity of the carvacrol against the cyclooxygenase-1 enzyme is shown in [Table 2](#antioxidants-09-00437-t002){ref-type="table"} and its non-bonding interactions in [Figure 4](#antioxidants-09-00437-f004){ref-type="fig"}.

Considering the docking results on CA IX and COX-1 enzymes, the water extract was also investigated for evaluating anti-proliferative effects towards the human colon cancer HCT116 cell line. As also suggested by our previous study \[[@B10-antioxidants-09-00437]\], the extract was tested in the concentration range 10--500 µg/mL. As depicted in [Figure 5](#antioxidants-09-00437-f005){ref-type="fig"}, the HCT116 cell line displayed a significant reduction of viability at the upper tested concentration (500 µg/mL), thus suggesting potential anti-proliferative effects. At the same concentration, the extract was also assayed in the wound healing assay, in order to explore a potential role on the spontaneous migration of HCT116 cells.

The sensitivity of HCT116 cells to the hemp water extract could be related to the intrinsic antioxidant/anti-inflammatory activity of the extract, that could disrupt the production of pro-inflammatory and anti-apoptotic factors stimulating cell proliferation \[[@B28-antioxidants-09-00437]\].

On the other hand, literature data also suggest the stimulating effect of antioxidants on HCT116 cell viability \[[@B29-antioxidants-09-00437]\], whereas the null effect observed on spontaneous migration ([Figure 6](#antioxidants-09-00437-f006){ref-type="fig"}) rules out any influence of this extract in modifying the intrinsic invasiveness capacity of this cancer cell line.

According to bioinformatics and docking analyses, the observed anti-proliferative effect could depend on the putative inhibition of CA IX and COX-1 enzymes. On the other hand, the anti-serotoninergic effect displayed by this extract in the colon could be crucial \[[@B10-antioxidants-09-00437]\]. In this regard, we should consider that serotonin, besides showing a pro-inflammatory effect, in the colon, could also exert mitogen effects, thus leading to increased cell viability, whereas rutin, that is reported to be the most representative flavonoid, in the extract, was suggested to counteract serotonin signaling \[[@B30-antioxidants-09-00437]\]. Furthermore, the bioinformatics analysis demonstrated putative interactions of carvacrol with 5-HT2B receptor ([Supplementary Material_Bioinformatics Folder](#app1-antioxidants-09-00437){ref-type="app"}), that was reported to mediate 5-HT excitatory effects in human colon, in vitro \[[@B31-antioxidants-09-00437]\]. In our previous study \[[@B10-antioxidants-09-00437]\], the blunting effect of water hemp extract was demonstrated against LPS-induced production of 5-HT, in rat colon. In the present study, we further explored the effects of hemp extract on 5-HT metabolism, taking into consideration the level of 5-HIIA, the main 5-HT metabolite and the levels of KA and 3-HK, that are the two main metabolites of kynurenine (KYN). KYN represents, together with 5-HT, one of the two major tryptophan degradative pathways \[[@B32-antioxidants-09-00437]\]. In the colon, the challenging with a pro-inflammatory status is able to increase both the production of 5-HT \[[@B33-antioxidants-09-00437]\], and the activity of kinurenine-3-monooxygenase (KMO) \[[@B34-antioxidants-09-00437]\]. KMO is the kynurenine pathway-deriving enzyme involved in the production of 3-HK, especially in pro-inflammatory conditions, whereas kynurenine amino transferase (KAT) catalyzes the conversion of kynurenine in KA \[[@B35-antioxidants-09-00437]\]. 3-HK and KA levels are inversely correlated in pro-inflammatory conditions, and in the present experimental paradigm the increased 3-HK/KA could be related, albeit partially, to the up-regulation of KMO \[[@B34-antioxidants-09-00437]\]. In fact, the 3-HK/KA ratio could be also considered as an index of conversion of KYN in 3-HK \[[@B36-antioxidants-09-00437]\], whereas the 5HIIA/5-HT represents a well-recognized index of 5-HT turnover \[[@B37-antioxidants-09-00437]\]. In the present study, the LPS stimulus was not only effective in up-regulating 3-HK/KA ([Figure 7](#antioxidants-09-00437-f007){ref-type="fig"}), but also in decreasing 5HIIA/5-HT ([Figure 8](#antioxidants-09-00437-f008){ref-type="fig"}), thus suggesting a shift of tryptophan metabolism towards the production of pro-inflammatory metabolites, in the colon, whereas the water extract was able to counteract these effects. It is of noteworthy interest that the bioinformatics analysis predicted the potential interactions of carvacrol towards indoleamine 2,3-dioxygenase (IDO) ([Supplementary Material_Bioinformatics Folder](#app1-antioxidants-09-00437){ref-type="app"}) that represents the rate limiting enzyme related to the tryptophan degradation, in the KYN pathway \[[@B38-antioxidants-09-00437]\].

Interestingly, in the brain, the increased 3-HK/KA ratio following pro-inflammatory conditions was also related to the IDO up-regulation \[[@B36-antioxidants-09-00437]\]. The reduction of 3-HK/KA ratio following hemp water extract treatment is paralleled by an obvious and concomitant increase in the concentration of KA, that was also suggested to exert anti-proliferative effects in colon cancer \[[@B39-antioxidants-09-00437]\], with regards to the HCT116 cell line, as well \[[@B28-antioxidants-09-00437]\]. In this context, it is also sensitive to hypothesize that the anti-proliferative effects displayed by the present extract, against HCT116 cells, could be a consequence of the water extract-induced increase of KA production, in the colon. Regarding the 3-HK, it is also interesting to highlight that its production is increased in isolated liver challenged with LPS \[[@B40-antioxidants-09-00437]\]. In the same paradigm, this increase was paralleled by a concomitant reduction of DA, whose turnover, measured as DOPAC/DA ratio \[[@B37-antioxidants-09-00437]\], was also decreased by the hemp water extract, in the colon ([Figure 9](#antioxidants-09-00437-f009){ref-type="fig"}). DA, besides functioning as a key brain neurotransmitter, was also described as a regulator of immune/inflammatory response, in peripheral tissues \[[@B41-antioxidants-09-00437]\]. Basically, about 50% DA is produced in the gastrointestinal tract, and delivered via portal vein to the liver, thus modulating the inflammatory response \[[@B42-antioxidants-09-00437],[@B43-antioxidants-09-00437]\]. Overall, the capability of hemp water extract in contrasting the alterations induced by LPS on the synthesis and turnover of such metabolites, suggest anti-inflammatory effects that are consistent with the shown scavenger and reducing properties and confirmed by the reduction of colon and liver levels of PGE~2~ ([Figure 10](#antioxidants-09-00437-f010){ref-type="fig"}A,B), the main product of COX-2 that was suggested to be up-regulated in the present experimental paradigm \[[@B15-antioxidants-09-00437]\]. We cannot exclude that the blunting effects on PGE~2~ could be related, at least in part, to the content of rutin. In this regard, bioinformatics analysis ([Supplementary Material_Bioinformatics Folder](#app1-antioxidants-09-00437){ref-type="app"}) predicted the sole rutin as a candidate compound to interact with COX-2.

Based on the anti-mycotic effects showed by our previous investigation, especially towards *C. albicans* \[[@B10-antioxidants-09-00437]\], in the present study we also evaluated the effects of the extract on different fungi strains, namely *T. rubrum*, *T. interdigitale* and *M. gypseum*, involved in multiple skin alterations, including infectious granuloma and hyperpigmentation \[[@B12-antioxidants-09-00437],[@B44-antioxidants-09-00437],[@B45-antioxidants-09-00437]\]. The water extract of Futura 75 was active against *T. rubrum* and *T. interdigitale* with MICs of 500 µg/mL and 1000 µg/mL, respectively ([Figure 11](#antioxidants-09-00437-f011){ref-type="fig"}). No activity was observed against *M. gypseum.* These results could be added to the aforementioned inhibitory effect of the extract against tyrosinase ([Table 1](#antioxidants-09-00437-t001){ref-type="table"}), whose inhibition represents a cornerstone in the management of skin hyperpigmentation \[[@B46-antioxidants-09-00437]\].

Additionally, plant-derived compounds have long been considered as promising anti-tyrosinase and antimycotic agents \[[@B47-antioxidants-09-00437],[@B48-antioxidants-09-00437]\]. According to the bioinformatics analysis ([Supplementary Material_Bioinformatics Folder](#app1-antioxidants-09-00437){ref-type="app"}), carvacrol could be responsible of the observed enzyme inhibition against tyrosinase, whereas, according to the fingerprint analysis ([Table 2](#antioxidants-09-00437-t002){ref-type="table"}), we hypothesize that carvacrol and rutin could mediate, at least in part, the observed antimycotic activity \[[@B49-antioxidants-09-00437],[@B50-antioxidants-09-00437]\]. Intriguingly, the MIC values related to the antimycotic effects of rutin \[[@B49-antioxidants-09-00437]\] are consistent with rutin concentration in the tested extract ([Table 2](#antioxidants-09-00437-t002){ref-type="table"}). In this regard, a docking study was conducted to investigate potential interactions of rutin with lanosterol 14-α-demethylase ([Figure 12](#antioxidants-09-00437-f012){ref-type="fig"}), an enzyme involved in the ergosterol synthesis, in fungi, thus representing a key target of antimycotic therapy \[[@B51-antioxidants-09-00437]\].

As shown in [Table 3](#antioxidants-09-00437-t003){ref-type="table"} and [Figure 12](#antioxidants-09-00437-f012){ref-type="fig"}, rutin has shown high affinity against lanosterol 14-α-demethylase enzyme. Due to the abundant hydroxyl groups in the structure of this compound, it has strong interactions with the enzyme active site with ten hydrogen bonds that may explain the high affinity of this compound.

Overall, these results further suggest the efficacy of water hemp extract in contrasting the clinical symptoms related to dermatophytes infection, including hyperpigmentation.

4. Conclusions {#sec4-antioxidants-09-00437}
==============

Concluding, the present findings highlight the potential of water extracts from industrial hemp inflorescences as sources of natural compounds that, besides the intrinsic antiradical activity, possess discrete mechanisms related to anti-inflammatory, anti-proliferative and antimycotic effects. In this context, and also in view of a more sustainable circular economy, it is desirable an improvement of industrial hemp chain production, taking into consideration the female inflorescences as high quality by-products with putative nutraceutical and cosmeceutical applications.

Plant material was provided by Hemp Farm Italia scarl \[Tortoreto (TE), IT\]. The ex vivo experimental paradigm was by Italian Health Ministry (Authorization N. F4738.N.XTQ, delivered on 11th November 2018).

The supplementary material about Bioinformatics are available online at <https://www.mdpi.com/2076-3921/9/5/437/s1>. Supplementary Material_Bioinformatics Folder
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Click here for additional data file.
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![Qualitative composition of hemp water extract shown by ^1^H-NMR analysis with suppression of water signal. (**A**) In the chemical shift range 3--4, it is detected the presence of sugar fraction, whereas, in the chemical shift range 5--8 (**B**), the signals of phenolic compounds are shown.](antioxidants-09-00437-g001){#antioxidants-09-00437-f001}

![Components--Targets analysis. Compounds' interactions with single predicted targets.](antioxidants-09-00437-g002){#antioxidants-09-00437-f002}

![Components--Targets analysis. The predicted interactions between selected compounds and target protein classes are shown.](antioxidants-09-00437-g003){#antioxidants-09-00437-f003}

![Non-bonding interactions of the docked compounds.](antioxidants-09-00437-g004){#antioxidants-09-00437-f004}

![Anti-proliferative effect induced by hemp water extract (10--500 µg/mL) on human colon cancer HCT116 cell line. ANOVA, *p* \< 0.05; \* *p* \< 0.05 vs. CTR group.](antioxidants-09-00437-g005){#antioxidants-09-00437-f005}

![Null effect induced by hemp water extract (500 µg/mL) on the spontaneous migration (wound healing paradigm) of human colon cancer HCT116 cell line, at different time points (0, 24, 48, 72 h), following experimental lesion of cell monolayer.](antioxidants-09-00437-g006){#antioxidants-09-00437-f006}

![Inhibitory effects induced by hemp water extracts (50--500 µg/mL) on lipopolysaccharide (LPS)-induced 3-HK/KA ratio in isolated rat colon challenged with LPS. ANOVA, *p* \< 0.0001; \*\*\* *p* \< 0.001 vs. respective LPS group.](antioxidants-09-00437-g007){#antioxidants-09-00437-f007}

![Inhibitory effects induced by hemp water extracts (50--500 µg/mL) on LPS-induced 5HIIA/5-HT ratio in isolated rat colon challenged with LPS. ANOVA, *p* \< 0.0001; \*\*\* *p* \< 0.001, \*\* *p* \< 0.01 vs. respective LPS group.](antioxidants-09-00437-g008){#antioxidants-09-00437-f008}

![Inhibitory effects induced by hemp water extracts (50--500 µg/mL) on LPS-induced DOPAC/DA ratio in isolated rat colon challenged with LPS. ANOVA, *p* \< 0.0001; \*\*\* *p* \< 0.001, \*\* *p* \< 0.01 vs. respective LPS group.](antioxidants-09-00437-g009){#antioxidants-09-00437-f009}

###### 

Inhibitory effects induced by hemp water extracts (50--500 µg/mL) on LPS-induced levels of prostaglandin (PG)E~2~ (pg/mg wet tissue) in isolated rat colon (**A**) and liver (**B**) challenged with LPS. ANOVA, *p* \< 0.01; \* *p* \< 0.05 vs. respective LPS group.

![](antioxidants-09-00437-g010a)

![](antioxidants-09-00437-g010b)

![Inhibitory effects induced by Futura 75 water extract on the growth of *T. rubrum* (Tr) and *T. interdigitale* (Ti). The same extract displayed a null effect on the growth of *M. gypseum* (Mg). The inhibitory effects of the extract were qualitatively compared to growth control-well (GCW: containing medium, inoculum and the same amount of DMSO used in CTW, but compound-free), and sterility control well (SCW: sample, medium and sterile water instead of inoculum).](antioxidants-09-00437-g011){#antioxidants-09-00437-f011}

![Rutin interactions with Lanosterol 14-α-demethylase active site; Non-bonding interactions of rutin with Lanosterol 14-α-demethylase enzyme.](antioxidants-09-00437-g012){#antioxidants-09-00437-f012}

antioxidants-09-00437-t001_Table 1

###### 

Total phenolic, flavonoid content, antioxidant parameters and tyrosinase inhibitory effect.

  Parameters                          Results
  ----------------------------------- --------------
  Total phenolic content (mg GAE/g)   21.16 ± 0.10
  Total flavonoid content (mg RE/g)   7.05 ± 0.63
  DPPH (mg TE/g)                      14.87 ± 0.59
  ABTS (mg TE/g)                      39.00 ± 0.43
  CUPRAC (mg TE/g)                    47.53 ± 0.18
  FRAP (mg TE/g)                      27.53 ± 0.27
  Tyrosinase (mg KAE/g)               18.67 ± 0.28

GAE: Gallic acid equivalents; RE: Rutin equivalents; TE: Trolox equivalents. KAE: Kojic acid equivalents. Values are reported as mean ± SD of three parallel experiments.

antioxidants-09-00437-t002_Table 2

###### 

The calculated binding free energy, ∆G, in kcal/mol, inhibition constant Ki, the key residues and the number of hydrogen atoms of the docked compounds.

  Targets                     ∆G (K~i~)          Key Residues                                                                                            No. of HB
  --------------------------- ------------------ ------------------------------------------------------------------------------------------------------- -----------
  **Carbonic Anhydrase IX**                                                                                                                              
  Chlorogenic Acid            −7.30 (4.5 µuM)    His64 (HB), Asn62 (HB), Thr199 (HB), His119 (HB), Glu106 (HB), Pro201 (HB), Trp5 (HB), Leu198, Thr200   8
  Gallic Acid                 −4.97 (228.8 µM)   Thr199 (HB), His119 (HB), Thr200 (HB), Gln92 (HB), Leu198                                               4
  **Cyclooxygenase-1**                                                                                                                                   
  Carvacrol                   −6.03 (38.2 µM)    Met522 (HB), Trp387, Tyr385, Phe381, Leu384, Ile523, Val349, Leu352, Gly526                             1

antioxidants-09-00437-t003_Table 3

###### 

The calculated binding free energy, ∆G, in kcal/mol, inhibition constant Ki, the key residues and the number of hydrogen atoms of the docked compounds.

  Targets   ∆G (K~i~)          Key Residues                                                                                                 No. of HB
  --------- ------------------ ------------------------------------------------------------------------------------------------------------ -----------
  Rutin     −8.74 (390.0 nM)   Gly303 (HB), Tyr132 (HB), Phe463 (HB), His468 (HB), Arg381 (HB), Tyr118 (HB), Ser378 (HB), Leu376, Pro375.   10

[^1]: These authors equally contributed to the study.
